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HIV-1 Tat plays a role in the pathogenesis of Kaposi's 
sarcoma. We therefore investigated the effect of Tat 
on the growth of murine Kaposi's sarcoma-like spin- 
dle (TTB) cells derived from dermal lesions. We ob- 
served that Tat and a peptide corresponding to the 
carboxyi-terminal region (Tatftj,^^) containing an 
RGD sequence inhibit TTB cell proliferation only 
when cells are cultured on fibronectin. This inhibi- 
tory effect correlates with redistribution of the 
integrin subunit on tlie surface of TTB cells and with 
down-regulation of tyrosine phospliorylation of spe- 
cific substrates due to an increased tyroshie pliospha- 
tase activity. Indeed, phenylarshie oxide, a potent 
inhibitor of phosphotyrosine phosphatases, pre- 
vented the effects uf Tat on TTB cells. We tliercfore 
argue that the action of Tat on TTB cells is mediated by 
the RGD motif through an integrin-based cell signal- 
ing pathway involving the activity of phosphoty- 
rosine phosphatase(s), which would lead to a de- 
crease in the levels of phosphotyrosine-containing 
proteins, among which is erk-2/p42'^^'^. (Am J 
Pathol 1998, 152: J 399 -1605) 



The HIV-1 -Tat protein transactivates vral and cellular 
genes of HIV-1-infec:ed cells.'' In addition, Tat can be 
released by infected cells^ and acts extracellularly in the 
microenvironment 'egulating the functions of mesenchy- 
mal and immunocompetent cells, oecause Tat binds to 
cell surface receptors and mimics the action of growth 
factors and other molecules in modulating signal cas- 
cades.^'* Indeed, Tat binds to a^p^ and as/S, integrin- 
and activates cellular genes. ^-^ In vascular endothelial 
cells, Tat has been shown to specifically bind and acti- 
vate the Flk-1/kinase insert domain receptor (Flk/kdr),^ a 



vascular endothelial growth factor (\/EGF)-A tyrosine ki- 
nase receptor, which is a major regulator of vascutogen- 
esis and anglogenesis.^ The finding that Tat binds to 
Flk/kd!- may explain iis angiogenic activity."'" Indeed. Tat 
has been postulated to have a role in the pathogenesis of 
Kaposi's sarcoma (KS) because it is angiogenic and it 
enhances the proliferative effects of basic fibroblast 
growth factor (bFGF)."'^ Moreover, tat transgenic mice 
develop KS-like lesions.''^ Although a y-herpes virus is 
considered the etiological agent of sporadic and epi- 
demic KS,^^ KS in AIDS patients is a more aggressive 
disease when compared with sporadic KS; the angio- 
genic properties of Tat have been proposed to enhance 
KS tumor formation. 

Here we studied the effect of synthetic Tat on KS-like 
murine spindle TTB cells,'"* and we show that Tat-fi- 
bronectin interactions modulate TTB cell proliferation and 
signal transduction. 



Materials and Methods 

Materials 

Synthetic Tat was kindly provided by P.G. Fassina (Tec- 
nogen, Caserta, Italy). The activity of the synthetic protein 
has been described elsewhere.*^ The Tat peptide amino 
acids 65 to 80; (Tate^ .tju) was purchased from intracel 
(Cambridge, MA). Peptides GRGDS and GRYDS were 
purchased from Sigma Chemical Co. (St. Louis, MO). The 
i5-amino-acid peptide W, corresponding to the signal 
peptide of HIV-1 gp 160, rabbit anti-a^ polyclonal anti- 
body, and rabbit serum against the integrin subunit 
were kindly provided by M. Tattanelli, G. Tarone, and R. 
Pardi, respectively. The anti-erk-2 polyclonal antibody 
was purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA). 
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Cell Lines 

TTB cells were cultured in Dulbecco s modified Eagle's 
medium (DMEM; Life Technologies, Gaithersburg. MD) 
supplemented with 10% (v/v) fetal calf serum (FCS; Bio- 
;oglca! Industries. Kibbutz Beit Haemek. Israel). TTB 
cells, which show a spindle phenotype. co-exp'ess mark- 
ers specific for endothelial, smooth muscle, and antigen- 
oresenting cells.'''' In addition, these cells grow in re- 
sponse to serum and some angiogenic molecules such 
as fibroblast growth factors and hepalocyte growth factor 
(Z. Wu and J.A.M. Maier, unpubfished resufts). 

Immunofluorescence Staining 

Cells were seeded on glass coverslips either uncoated or 
coated with numan plasma fibronectin. When subconflu- 
ent, cells were washed and fixed in phosphate-buffered 
saline (PBS), pH 7.6, containing 3% (w/v) paraformalde- 
hyde and 2% (w/v) sucrose. After washing, cells were 
permeabilized as previously described'^ before incuba- 
tion with primary antibodies. Secondary antibodies were 
tetramethylrhodamine isothiocyanate (1 Rl f C)- abeled 
swine immunoglobulins against rabbit IgG (Dakopatts, 
Glostrup, Denmark). Cells were routinely counterstalned 
with fluorescein isothiocyanate (FITC)-labeled phalloidin 
(Sigma) to visualize F-actin. 

Cell Growth Assays 

Cells were seeded in 24-welt plates (Costar, Cambridge, 
MA), either uncoated or coated with fibronectin. Tat was 
added every 24 hours fc three times in medium contain- 
ing 10% FCS. In some experiments, Tat65_so was used 
instead of full-length Tat^ whereas peptide W was used as 
its negative control. Control cells were treated with the 
same buffer used to dilute Tat (PBS. 10 mmol/L dithlo- 
threliol. 1 mg/ml bovine serum albumin). In another set of 
experiments, cells were exoosed to phenylarsine oxide 
(PAO; 50 /xmol/L) with or without Tat. At the end of the 
treatment, cells were trypsinized and counted by trypan 
blue exclusion. 



gel electrophoresis (SDS-PAGE) under ^educing condi- 
tions, and electroblotted onto nitrocellulose (Millipore, 
Bedford, MA). The blots were incubated with peroxidase- 
conjugated streptavidin (Amersham, Little Chalfont, UK) 
diluted 1:2000. Biotinylated proteins were detected with 
the SupcrSignal chemiluminescence kit (Pierce). 

Immunoprecipitation and Western Blot 

TTB cells were washed, lysed in ice-cold lysis buffer, and 
centrifuged. After preclearing with preimmune serum, ly- 
sates were immunoprecipiiated with the anti-phosphoty- 
rosine monoclonal antibody PY20 (Santa Cruz Biotech- 
nology). The immunocomplexes were bound to protein 
G-Sepharose and eluted In Laemmli buffer at 95°C for 5 
minutes. Samples were resolved by SDS-PAGE, trans- 
ferred to nitrocellulose sheets at 150 mA for 16 hours, and 
probed with a polyclonal anti-phosphotyrosine antibody 
(provided by T. Maciag. Rockville, MD). Secondary anti- 
bodies were labeled with horseradish peroxidase 
(Pierce). The SuperSignal chemiluminescence kit 
(Pierce) was used to detect immunoreactive proteins. As 
activated erk-2/p42'^^*^^ is phosphorytated also on ty- 
rosine residues, we detected erk-2/p42'^'^'^^ by immuno- 
precipitating cell tysates with PY20. Western blot was 
performed using a rabbit polyclonal anti-erk-2/p42'^'^**^ 
antibody. 

Tyrosine Phosphatase Activity 

After exposure to Tat (10 ng/ml) for 30 minutes, TTB cells 
were washed and lysed in ice-cold lysis buffer. Tyrosine 
phosphatase activity was determined using a photomet- 
ric enzyme immunoassay according to the manufactur- 
er's instruction (Boehringer Mannheim, Mannheim, Ger- 
many) and expressed as (r^ - 7^)17^, whe^e Tq is the 
optical reading of the control to which both proteins and 
an excess of orthovanadate were added and is the 
optical reading at a certain time as described/^ Reac- 
tions have been verified to be linear with respect to time 
and quantity of protein. 



Cell Surface Biotinylation 

TTB cells were seeded into either uncoated or fibronec- 
tin-coated 60-mm cishes and incubated at SVC for in- 
creasing times. At each time point, cells were washed six 
times in buffer A (25 mmol/L Hepes. pH 7.4. 138 mmol/L 
NaCI. 1.3 mmol/L CaClg. 0.4 mmol/L MgS04. 5 mmol/L 
KCI. 5.6 mmol/L o-glucose). Ceils were incubated twice 
for 20 minutes at 4°C with 0.5 mg/ml Sulfo-NHS-biotin 
(Pierce. Rockford, IL). diluted in buffer A, After extensive 
washing, cells were lysed in lysis buffer (50 mmol/L Tris/ 
HCI, pH 8.5, 150 mmol/L NaCI, 1% sodium deoxycholate, 
1% Triton X-100. 1 mmol/L phenylmethylsulfonyl fluoride 
(PMSF), 0.05 U/ml aprotinin). Cell extracts were then 
immunoprecipi:ated with a rabbit polyclonal antibody 
against the irtegrin subunit. The immune complexes 
were resolved in sodium docecyl sulfate polyacrylamlde 



Results 

Tat' Fibronectin Interactions Modulate the 
Growth of TTB Cells 

The effect of synthetic Tat on the growth of Kaposi-like 
spindle TTB cells was studied in cells seeded onto either 
uncoated cr fibronectin-coated culture wells. Fibronectin 
does not modulate TTB cell growth (not shown). We then 
treated TTB cells for 72 hours v/ith increasing concentra- 
tions of synthetic Tat, and viable cells were counted. As 
shown in Figure 1. 1 to 100 ng/ml Tat had no effect when 
added to cells cultured without any substrate. However, 
when TTB cells were seeded in libronectin-coated wells, 
Tat inhibited cell proliferation in a dose-dependent fash- 
ion. The effect was maximal when cells were exposed to 
10 ng/ml Tat, a concentration that is similar to that de- 
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Figure 1 . EttVa of excger.Du.'' Tut »>ii the gu>\vtl-. ufTTH it-Ils ciiliurfcl im 
fibronectin. ITU cdls wvir seeded onto either nmouled (Solid barsi or 
fihrcinectin-eoatetl 'hatched bars* wcIIn. CxtWs were Uu-n treated vvith .^yn- 
rlu'tit Ta( at the inclicaied concentrations tor ~1 h(^ul^ ;is descrihoc in 
Materials and Methods. At the end of tlie treat nu-nt, cells \Nerc iiypsinized 
and counted b\ trypan hlite eNCliision. Kacli ["joint is the mean of tiirec 
CNperimenis. each pertVM iiK'd in triplicate. l>ata are expressed as pcrcent:i>ie 
of the contnil. .standard tleviation ne\er cxceetled r(i^^■ 

tected in the sera of HIV-I -positive individuals.^ The 
same phenomenon was observec treating flbronectin- 
adherent TTB cells W\{Y\ recombinant Tat from tv^o differ- 
ent sources; on the contrary, no inhibitory effect was 
observed when TTB cells plated on gelatin-coated wells 
were exposed to Tat (not shown). These data are in 
agreement with our previous results showing that human 
endothelial cells were growth inhibited by Tat only when 
grown on fibronectin.^® In contrast with our results, Tat 
was reported to stimulate the proliferation of numan 
AIDS-KS spindle cells. This discrepancy could be due 
to the different experimental conditions used; human 
spindle cells were cultured in the absence of fibronectin 
in a conditioned medium derived from HTLV-ll-infected T 
cells^*^ containing a variety of cytokines altering cell 
growth and synerglzing with Tat ir the induction of cell 
proliferation. Moreover, TTB phenotype is quite different 
from that of AIDS-KS spindle cells, as TTB cells co- 
express markers typical of endothelial cells, smooth mus- 
cle cells, and macrophages.^'* It has been shown that Tat 
interacts with the Integrin receptors a.fi^, ^nd a^fiy^ As 
the inhibition of TTB cell proliferation by Tat was depen- 
dent on cell adhesion to fibronectin, we verified whether 
adhesion to fibronectin modulated the expression and/or 
surface exposure of integrin receptors in TTB cells. By 
immunofluorescence, clusters of ay-contatnlng integrins 
were detectable at focal contacts in cells cultured on 
gelatin or on plastic (Figure 2B), whereas c^v was no 
longer Detectable upon TTB cell adhesion to fibronectin 
within 4 hou^s from seeding and assumed a widespread 
pattern (Figure 2D). On the contrary, adhesion of TTB 
cells to either fibronectin (Figure 2H) or gelatin (not 
shown) did not affect the expression or the subcellular 
distribution of jB^. However, oniy the distribution and not 



the total amount of integrins at the cell surface 
changed dramatically on fibronectin; indeed, culture on 
fibronectin did not alter the total amount of Integrins 
localized at the cell surface (Figure 3). 

Tat Interacts w'th integrins through the RGD motif.^ 
This interaction mediates different effects of Tat on 
AIDS-KS and vascular cells, such as adhesion, induction 
of growth, migration, invasion, and angiogenesis.^^ We 
therefore verified whether Tat-meoiated inhibition of TTB 
cell proliferation on fibronectin could depend on the RGD 
sequence contained in the carboxyl-terminal region of 
Tat.^^ The effects of equimolar amounts of synthetic Tat 
and of a peptide corresponding to the carboxyl-terminal 
sequence of Tat (Tate^^go) containing the RGD domain 
were compared. As shown in Figure 4. TatR5_8Q was as 
effective as Tat in inhibiting TTB cell proliferation upon 
adhesion to fibronectin. In contrast, the Irrelevant 15- 
amino-acid peptide W shov^ed no effect on TTB cell 
proliferation. Moreover, a 200-fold molar excess of pep- 
tide GRGDS almost completely reversed the effect of Tat, 
whereas the control peptide GRYDS had no effect (Figure 
4). When added in the absence of Tat, both RGD- and 
RYD-containing peptides had no effect on TTB celt pro- 
liferation (Figure 4). 

Inhibition of TTB Celt Growth Correlates with 
Down- Regulation of Tyrosine Phosphorylation of 
Specific Substrates 

As protein tyrosine phosphorylation is implicated in the 
control of cell growth,^^ the possibility that Tat inhibited 
tyrosine phosphorylation of various substrates in TTB 
cells was tested by detecting phosphotyrosine-contain- 
Ing proteins. Tat (10 ng/ml) decreased the tyrosine phos- 
phorylation of three proteins with an apparent molecular 
weight of 140, 100, and 80 kd only when cells were grown 
on fibronectin-coated dishes (Figure 5A). Interestingly, 
the concentration of Tat necessary to down-regulate ty- 
rosine phosphorylation of the three proteins was identical 
to that necessary to Inhibit the growth of TTB cells. The 
inhibition of tyrosine phospnorylation of the three afore- 
mentioned proteins was maximal after 30 minutes and 
returned to the baseline levels within 1 hour (Figure 5B). 
With a longer exposure ol the filters, we could observe 
decreased phosphotyrosine levels also in protein(s) with 
an apparent molecular weight of 40 kd (not shown). 

As the level of tyrosine phosphorylation Is the result of 
the balance between activation of protein phosphoty- 
rosine kinases and phosphatases, we evaluated whether 
Tat activated phosphotyrosine phosphatase(s) In TTB 
cells. Indeed, we observed an Increase of tyrosine phos- 
phatase activity in cell extracts derived from TTB cells 
treated with Tat (10 ng/ml) for 3C minutes (Figure 6A). 
Interestingly, the decrease in tyrosine phosphorylation 
that follows treatment with Tat could be prevented by the 
addition to the cell culture of PAO (50 /imol/L), a specific 
inhibitor of tyrosine phosphatase activity^^ (Figure 6B). 
To show that the action of Tat on TTB cell growth involves 
the activity of tyrosine phosphatase(s): vve cultured TTB 
cells in the presence of PAO and Tat. As shown in Figure 
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Figure 2. McxkiLukin of imcfji-in Mtii:i;v cxf>)Simr uptin adhesion of TI H tL*U> in IiIhoik-viki. ri lt tcll> war culruiitl I'ut \H htHii> tin t-iiha uiKXiLiicd (A, B. and F) 
or ril)n)nctiin-coau'cl (C, D. G. antl HU;o\ei-slips. Cells woa* tlKn IinlxI and stained wiih etlher nihliil ami-nr^. (B ami D) or nihhit, ari)i-/il, f F und H » polyckma! anf.lXKJy. 
fdllowwl hy a I KITC-ialvUil swine anri-rabhii Ij^C |»l\vli)nal aniilxKly. iUUs \vei\' omnursuiitU'd with ('II C-I:ilx'lcd phalltjidin 'A. C. E. antl G K 
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Figure 3. FApivssiun ttl'icll mi Hate j|KinTni celt :itlln,\''inn u> film met tin. 
THi ivll.s wtTc aittiirtrti lor incre;i:^inji (iincN i>n cithof uncDiitccI tjr nhroncf- 
iiii-<'o;irvd dislics. .Menil>r;inc pnUeins wva* hictinyl.iicci anJ cell cxlr;kt.s 
were ininu;nciprecipil;iteti with iin:i-«,, arrihodx'. After eleiinthltH. l.iic)lin\l- 
ateti pff^reins were tiotecleO with (X'roxiJusc-ioiijujtatctI strepta\ttlin. C. 
t(tnti*ol eells cultured on iineoatwl tiishes: FN. i ell> culriirecl on lihroiietlin- 
muted dishes. Lanes 1 ro 12. ex(r.:eis imr.umopreLipicned with ami-a».; n.i.. 
eNtraets of lells eiiUured :or hours inununopa\'ipitaietl with rahhit iion- 
iiniiiiiiH' 



6C, in the presence of PAO, Tat did not inhibit TTB cell 
proliferation. Sinnilar results were obtained using Tatgs.gQ 
(not shown). 

Inhibition of TTB Cell Growth Correlates with 
Down-Regulation of Tyrosine Phosphorylation of 
erl<-2/p42'^''''^ 

Previous findings have indicated a role of erk-2/p42^^^'^ 
in the growth of human KS spindle cefls.^" Moreover, a 
recent report shows the activation of the MAP kinase 
pathway in cells of the central nervous system.^^ Erk-2/ 
P42MAPK activation occurs by way of a kinase cascade 
that includes one or nnore MAP kinase kinases that in- 
duce phosphorylation of threonine and tyrosine resi- 
dues. Therefore, we evaluated the levels of tyrosine- 
phosphorylated 6rk-2/p42''^^^^ in Tat-treated TTB cells 
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Figure 5. Kffeel> of on tyrosine phosphorylation in WW eells. Cells were 
ireaied with lai as desLfilx^d in Materials and Melhotls. Cell Iv'Jates i 300 
of protein) weie inuniinoprecipii.itetl wiHi :i inoniK'lonal ainihod>* and Im- 
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Hhroneetin. either untreated nr treated with Tat i 10 nji rnh. respeai\ el\-; 
lanes 3 and 4. <.ell.> cultured ou phiMie. either itiHreated or irir.i led with Tat 
{ 10 n^i'inl). re.^ipet tivvly. B: Lane 1. unin-aicd lells: lanes 2 to 4. TTll eells 
treated with Tal 1 1') nj; tnl) for ^{) iiunuies ant.1 1 and 4 hours. 



grown on fibronectin. Figure 7 shows that the levels of 
tyrosine-phosphorylated erk-2/p42'^'^^ were rather high 
in control cells. Within 30 minutes. Tat (10 ng/ml) mark- 
edly down-regulated the levels of tyrosine-phosphory- 
lated erk-2/p42'^^'''^. Again, treatment with PAO restored 
the levels of tyrosine-phosphorylated erk-2/p42'^^^^ and 
inhibited the dephosphorylating effect of Tat (Figure 7). 
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Figure 4. Kole tif lie JO scijuciKc in Tai-nieciJied inhiliiiicm of TTll eetl 
.mxtn th. ITU lells were plaietl on iihn)iieeiln-ef»ated wvlls ard treated wi:h 
10 n>; nil synihciie Tat. either in the ah.senee or in the pres«.'nce of a 200-fokl 
aiolar excess of t;R;:i)S t lelerred to as ItCil)) or CiKVOS (referied lo as KYI) ». 
In an<uher Sfl oT experinienis. fihrDiurditi-atiherent ITH eelU were tix'i.ted 
with 0." nnioi I, Tat„s.M. P^^P'ide (e(|niniolar i(> It) n>; till Tat > or contml 
po|>tide VC'. luich ptMnt is the mean f)l;' three experiinenis. eaelt perlbi'iiied \i\ 
triplicate. Hata are expre.ssed as perteniajte (►l iiie ennirol. Standard dev iation 
newT e.xccedetl **-(V'.». 



Discussion 

The signals for proliferation, differentiation, and survival 
of anchorage-dependent cells are provided by extracel- 
lular growth factors and matrix and are mediatec by a 
variely of kinases that are often regulated by their level of 
tyrosine phosphorylation.^^ Under physiological condi- 
tions, the protein tyrosine phosphorylation levels in a cell 
are maintained by phosphotyrosine kinases and phos- 
phatases.^^ There is evidence that negative signals from 
phosphotyrosine phosphatases may be responsible for 
growth arrest. Here we show that, upon adhesion to 
fibronectin. Tat inhibits TTB eel! proliferation through a 
mechanism that down-regulates phosphotyrosine levels. 
In particular, we demonstrate that Tat induces the de- 
phosphorylation on tyrosine residues of erk-2/p42'^'^'^*^, 
thus inhibiting the activity of this kinase that plays a 
pivotal role in integrating and amplifying signals from 
different extracellular stimuli, including growth- and dif- 
ferentiation-promoting agents. Our results are in agree- 
ment with a previous report showing an intimate relation- 
ship between the proliferation of human KS spindle cells 
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Figure 6. Role of phosphc (tyrosine phosplutase in mediating Tut activity in 
ITB cells. A: 'ITB cells j^rown on fil)ront;ttin were ircalL-d with Tat ( 10 ng'ml) 
for 3t! minutes or k*ft untrcutctl. Tyrtxsinc phosphatciSL* activity wus qiiitnti- 
taced in 30 /Ltg of protein.s by a photointitric cnzytiic imniuncxissay as de- 
scribed In Miiterials and .Vleth<Kls. Each point is the mean of (wo experiments 
performed in triplicate. B TTB cell.i gruwn on fihronectin were treated with 
PAO (50 p4T>ol/L) for 50 minutes before addinj* I'ai (10 nji/niD or left 
unirented. Cell lysates ( 300 /Ag of protein) were iinnn.mopreiipi(;ued with a 
mon(x:lonal aniil^otty and inimiinoblotted with a polyclonal aiitilx)d\' a^ain.st 
ph(.vsphotyrosine a.s doscnl>efl in Maittrials and .Viefhods. Lanes 1 :in(l 2. 
untreated and Tat -treated tells; lanes 3 and 4. ct:lls cxf»ised U > PAO only and 
to PAO and Tat, respectively. C: ITB cells were plated on fil)nmec( in-coated 
wells and treated with 10 ng/ml synthttic Tat, either in the ahsencx" or in the 
pre.sence of PAO (50 /iniol/L). After 3 <lays, c«;'lls were counted as flcscril">erl 
above. Data arc c.<prc.ssec as percentage of the control. Standard cc via (ion 
never exceeded ^6%. 



and MAP kinase activation.^^ Recently, MAP kinase has 
been shown to be activate(j by Tat in cells of the central 
nervous system; however, this phenomenon has not been 
Wnked to any functional event in neurons or in glial cells, 
although It Is arguetd that MAP kinase activation may 



cause (dysfunctions lea(ding to the AIDS (dementia com- 
plex.^^ 

In our system, Tat activates phosphotyrosine phospha- 
tase(s). Accortdingly, PAO. a specific Inhibitor of phos- 
photyrosine phosphatases.^^ prevente(j the effects of Tat 
in TTB cells; In PAO-treated cells, Tat cJld not Inhibit cell 
growth and tyrosine phosphorylation of various sub- 
strates, Including erk-2/p42'^^-^'^. Therefore, we argue 
that cellular responses to Tat may ''esult from direct ac- 
tivation of phosphotyrosine phosphatase(s). A few au- 
thenticated instances Indicate that activation of a phos- 
photyrosine phosphatase Is the primary event In signal 
transduction; among others, increased Intracellular cal- 
cium activates phosphotyrosine phosphatase 2B, which 
is essential for T cell activation. In addition, It should be 
mentioned that a novel phosphotyrosine phosphatase 
has been isolated from Tat-treated vascular cells by RNA 
fingerprinting (M, MariottI and JAM. Maier, unpub- 
lished), suggesting that phosphotyrosine phosphatases 
have a role In mediating the effects of Tat on cellular 
activities. 

'The role of fibronectin in modulating Tat action on TTB 
cells is intriguing. As Tat binds to ceil surface integrins 
a^p^ and asP... we argue that Tat action on TTB Is medi- 
ated through the binding of the RGD motif of Tat to 
integrins, as supported by the fact that Tates^so friimicked 
the action of Tat. As adhesion of TTB to fibronectin cor- 
related with loss of the typical patterned localization of 
at focal contacts, we argue that Tat may not bind to a^jSg 
when clustered at focal contacts; on the contrary, when 
a^li^i clusters are disrupted after cell adhesion to fi- 
bronectin, cell surface a^p^ might be available for Tat 
binding, with consequent activation of an intracellular 
cascade of events leading to the ciown-regulation of ty- 
rosine phosphorylation of various substrates. Among 
these, erk-2/p42'^^^'^ dephosphorylation would result in 
the inhibition of ceil proliferation. It is worth noting that 
phosphotyrosine phosphatases have recently been im- 
plicated in the regulation of Integrln-dependent signal 
transduction. A direct role for CD45 in ICAM-3-mediated 
lymphocyte aggregation was demonstrated.^ More gen- 
erally, reduction of cell adhesion is associated with an 
induction of phosphotyrosine phosphatase activity.^° Ad- 
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Figure 7. Effects of Tat on crk-2/p42'^''''''**. TTIi cells were plated on fibronec- 
tin-couted wells and treated with ID ng^'ml synthetic Tat, either in the absence 
or in the presence of I'AO (50 ixnxoUl). Cell e.xtract.s wcrv immunoprecipi- 
lated with the ant i- phosphotyrosine PY2U antibody, and VC'esterr. blot was 
peiformed using a polyclonal antilxidy again.tt erk-2/p42"^"^''\ Lanes 1 and 
2. untreated and Tat-ireatcd cells; lanes 3 and 4. cells expo.<ed to PAC) only 
and to PAO antl Tat. respectively. 
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ditional studies are required to identify the individual 
specific phosphotyrosine phosphatase(s) involved in 
Ovfe signaling in Tat-treated TTB cells. 
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